ABSTRACT. Background and aims:
ABSTRACT. Background and aims:

INTRODUCTION
Multiple sensory modes are involved in the organization and control of human erect posture, in addition to the central postural program. Many studies have focused on the specific function of vestibular, visual or muscular sensory information (1, 2) in body balance control; however, little is known about the role of podalic support. The foot provides the only direct contact with the supporting surface and therefore plays an important role in all postural tasks. In particular, changes to the musculoskeletal and neurological characteristics of the foot associated with advancing age may potentially alter plantar loading patterns (3). It is known that foot problems affect up to 80% of older people (4) and that they are associated with impaired mobility and ability to perform common household tasks (5) . Altered function of foot load distribution (3) and increased postural sway (6) have been observed to influence body balance negatively in elderly people. Indeed, individuals who have sustained multiple falls demonstrate greater postural sway than age-matched peers (6, 7) . In particular, women have a higher risk of falls than men (8-10). Butler et al. found that older women performed significantly worse than older men in balance-related tests (11) . Wolfson et al. (1994) found that elderly women swayed and lost their balance more than men when the surface was sway-referenced while vision was compromised. Elderly women also showed impairment of balance when simultaneously deprived of visual and somatosensory inputs or during backward destabilization. In particular, these authors explained the greater frequency of falling in women because of limited postural control in comparison with that of men in conditions stressing balance (10) . For this reason, it would be interesting to study specific interventions in order to improve balance control in women. It is known that physical activity is reduced with increasing age (12) and sedentary life represents a risk factor for decline in postural control (13) . Several studies have reported that exercise training aimed at developing endurance, muscle strength, balance, mobility, flexibility and sensory abilities, separately or in combination, all improve postural performance in elderly individuals (14) (15) (16) . In particular, Rogers et al. showed an improvement in postural sway in elderly women after ten weeks of a training program including stretching, strengthening and balance exercises (14) . Ledin et al. found improved equilibrium in elderly people in response to regular balance training exercises performed for 9 weeks (15) . Similarly, Judge et al. showed a higher improvement in static balance of sedentary subjects exercised by a program including resistance training, walking and postural exercises, than a program including only postural control exercises (16) . However, other authors did not find any improvement in body balance in response to exercise training in older adults (17, 18) , and a worsening in postural control after a low-volume strength training program was even observed by Bellew et al. (19) .
Little is known about the influence of exercise training on podalic support in order to improve body balance in older people. The main aim of our study was to investigate the effects of a short dynamic balance training protocol on the support surface and load distribution in healthy and active elderly women. We also examined whether changes in these baropodometric parameters affected body balance by performing a test of monopodalic orthostatic posture.
METHOD
Subjects
Participants were recruited from a senior centre in Palermo. Twenty-one subjects, 18 women and 3 men accepted taking part in the project, but only women were recruited. All women were given a questionnaire regarding their personal data, health status, time devoted to physical activity, and history of falls in the past year. After a starting interview and screening, 13 women were regarded suitable for our study, because the others did not match inclusion criteria such as being over 60, availability to attend 80% of the training period, and suitability for practicing physical activity as attested by a medical certificate. However, only 10 women correctly followed the experimental program (three subjects did not attend 80% of the training period, for personal reasons). The women in our study were 68.67±5.50 years old, with 63.74±7.83 kg weight, 1.50±0.03 m height, and 28.17±3.35 BMI. All subjects were autonomous and capable of self-care and normal household tasks; none had fallen in the past year. All subjects gave their informed consent prior to participation in this study, which was approved by the local institutional ethics committee.
Exercise training protocol
In the literature, as little is known about the effects of specific training protocols of dynamic equilibrium on static postural control in elderly people, we planned a dynamic balance training protocol mainly characterized by balance exercises, to be performed during walking. These exercises were selected in order to stimulate the vestibular, visual, muscular and podalic components of the balance control system.
The training program was performed for 5 consecutive weeks and consisted of 2 sessions/week for the first 3 weeks and 3 sessions/week for the last 2 weeks. Every session included three phases: warm-up (15 minutes, min), training period (20 min) and cool-down (10 min). Each subject performed the training program wearing special fitness socks (AKKUA, Brescia, Italy) in order to ensure maximum grip of feet on floor and to protect subjects from accidental falls. In the first week of the training protocol, subjects familiarized themselves with the circuit with a single lap per training session. In the subsequent weeks, participants completed two laps of the training circuit per session.
In the warm-up phase, participants executed a standard sequence of exercises, including 2 sets of: 3 clockwise (CC) and anti-clockwise (ACC) circumductions of the neck; 5 forward (FC) and backward (BC) circumductions of the shoulders; 5 CC and ACC of pelvis; 5 CC and ACC of feet. In addition, we inserted 1-2 min of free-walking every 2 sets of joint mobility exercises.
In the training phase, participants performed circuit training with their hands on their hips in order to exclude their upper limbs during postural training exercises.
In particular, in the first three weeks circuit training included 20 exercises, of which 17 (exercises 1-11, 13-16, 18, 20) for stress dynamic balance and 3 (12, 17, 19) for static balance. The exercises were organized in a standard sequence, including: 1) forward slalom walking with step length corresponding to foot length (SLCFL); 2) body translation by lateral walking to the right; 3) forward walking (FW), alternating the feet among lines with knees up; 4) one clockwise body translation by lateral walking; 5) one anticlockwise body translation by lateral walking; 6) FW with SLCFL; 7) backward walking (BW) with SLCFL; 8) FW with SLCFL; 9) climbing one step (90 cm length, 40 cm width, 14 cm thickness) and FW with SLCFL; 10) descending one down step and FW with SLCFL; 11) climbing one step and FW with SLCFL; 12) descending one step, and standing for 10 seconds with a block of wood (28 cm length, 25.5 cm width, 1.5 cm thickness, 872 g weight) on the head (BOH); 13) FW on the mat (175 cm length, 70 cm width, 2. 
Adaptations of foot support in response to exercise training in elderly women
Training intensity increased in the fourth and fifth weeks by the modification of several exercises and addition of new ones. In particular, the complexity of exercises 3 and 15 were increased by BOH. In addition, we inserted several new exercises, such as standing for 10 seconds with BOH after exercises 2 and 3; BW on mat with SLCFL-EC-TOH and FW on mat with EC-SLCFL after exercise 15 performed with BOH.
The cool-down phase included free walking, free body movement, deep breaths and isometric contractions of both arms for 5 seconds in several postures.
Monopodalic test against time
The monopodalic test against time (MTAT) consisted of standing in a monopodalic orthostatic posture from 0 to 30 seconds. It was performed with both feet with hands on hips, while subjects stared at a wall 60 centimetres (cm) away, three times respectively. This posture during the test was different from that during exercise training. During monopodalic exercises of circuit training, subjects had hands on hips, wore anti-slip socks, did not stare at a point on a wall, and stood in monopodalic orthostatic posture for only 10 seconds.
All the times of the MTAT trials were recorded by manual chronometer (Pro Touch, CH-Ostermundigen, Bern), but only the best time of three records was considered for both MTAT on left and right feet.
Baropodometric examination
All subjects performed an electronic baropodometric test in static bipedal conditions without footwear. We used a module-platform electronic baropodometer (Physical Support, Rome, Italy) with a 120-cm long and 40-cm wide barosensitive platform. The board contains 4800 platinum electronic sensors covered by an alveolar rubber captor, which sends pressure information from each foot to a computer. During the test, subjects stood on the platform in an orthostatic position for 10 seconds, as in the study of Ripani et al. (20) . The support surfaces of both feet and the percentage distribution of load in rearfoot and forefoot regions were evaluated. Data were acquired before and after the training protocol and processed by dedicated software (Physical Gait Software TM , Rome, Italy).
Statistical analysis
All data were compared by Student's paired t-test before and after the training period. Statistical significance was set of p<0.05.
RESULTS
Evaluation of performance of monopodalic orthostatic posture
In MTAT, subjects showed an improvement in their ability to maintain their balance on both left and right feet after training (Fig. 1) and was related to significant modifications (p<0.05) in forefoot and rearfoot surfaces, which increased by 10.19% and 5.61% respectively after training (Fig. 3) .
Percentage distribution of load on left and right feet
Before training, subjects had unequal percentage distributions of load (PDL) between left and right feet. In contrast, after training, they had equal redistributions of load between feet, although this modification was not statistically significant. In particular, total PDL on the left foot de 
DISCUSSION
Our training protocol caused an increase in the total support surface, due significantly to the enhanced area in both forefoot and rearfoot of the right foot. In particular, this increase was higher in the forefoot than the rearfoot. Tanaka et al. found greater forefoot area in young subjects compared with elderly individuals, and postulated that a smaller support than that of young people was associated with poor balance (21) . Therefore, the enhanced support surface observed in our study suggests the positive effect of our training protocol in maintaining standing balance. In addition, the dynamic balance exercises in our protocol, such as forward and backward walking, with step length corresponding to foot length on ground, step or mat, may have trained the ability to maintain the body's center of gravity within its base of support and induced adaptations of the balance control system in elderly subjects. It is known that one way of revealing postural control is to reduce the base of support of the center of gravity (14) .
Age-related anatomical and physiological changes in foot bones and ligament structures affect the load distribution of the human body on the feet during gait (22) . In our study, elderly women had a greater load distribution on the left foot than on the right before training but equal redistribution of body weight on both feet in response to exercise. Therefore, our dynamic balance protocol appears to influence both sides of the body symmetrically.
In order to examine whether the changes in support surface and load distribution induced by our training program affected body balance, we evaluated static balance performance and found that, after five weeks of training, older women improved their monopodalic performance times on both feet respectively by 20.18% (left) and 26.23% (right). In particular, average times of performance ranged from 20.61 to 26.02 s and 19.40 to 23.31 s on right and left feet, respectively.
Hurvitz et al. showed that older ambulatory outpatients with a history of falling had times of <30 seconds during unipedal stance tests, while those with a low risk of falling had times of ≥30 seconds, suggesting that the unipedal stance test from 0 to 30 seconds is an indicator of fall risk among older outpatients (23) . According to that study, our subjects appeared to be liable to falls before and after training. However, our training protocol was efficient in increasing the times of balance performance and therefore may protect older women from risk of falls. Sakamoto et al. showed that unipedal standing balance exercise was effective in preventing falls among clinically defined high-risk elderly individuals (24) . In agreement with the present results, similar exercises in our training protocol may contribute to improved postural control in older people. Although different performance conditions were used during exercises in the training program and monopodalic test jects were compelled to rely on visual and vestibular sensory and motor systems to maintain stability when reliable proprioceptive information from feet and ankles was altered under the particular stance required by a foam surface (26) . In our training protocol, several exercises were performed with closed eyes, and a block of wood on the head may have stressed the proprioceptive function, which is known to be related to the closed-loop control mechanisms of the balance system (27) . However, Collins et al. showed that, during quiet stance, the postural system uses open-loop control mechanisms over short-term intervals and closed-loop control ones in long-term intervals (27) . Open-loop mechanisms operate without sensory feedback and may correspond to descending commands, which set the steady-state activity levels of the postural muscles. Because the exercises in our protocol had shortterm intervals, we suggest that an adaptation of open-loop control mechanisms took place.
The significant increase in the support surface of the right foot may be due to the dominant limb phenomenon and contribute to greater improvement in balance unipedal performance on the right foot rather than the left one. Improved balance unipedal performance on the left foot may be due to interpodalic contralateral transfer processes of motor learning (28) . The equal redistribution of body weight on both feet induced by our training protocol may be important in improving balance in elderly women. In the future, it may be interesting to study the relationship between baropodometric parameters and functional dominance in older people.
CONCLUSIONS
Our dynamic balance training protocol, characterized by a gradual increase in the workload, appears to be practicable, safe and repeatable by older people. The increased support surface and equal redistribution of body weight on both feet obtained in response to training may lead to postural adaptations sufficient for improving static balance in elderly women. The application of this protocol in senior centres may favor a reduction in fall risk and promote socialization among elderly persons. This study also adds to our knowledge about ways in which the age-related decline in the neuromusculo-skeletal system can be contrasted. It would be interesting to insert this protocol in an annual program of functional movement re-education for older people with balance disorders. For example, it could be motivating to perform this training protocol together with a specific strength protocol, in order to test the effects on balance control of these two different but complementary training exercises.
In the future, we intend to extend this pilot study to a larger scale and to investigate its effects in young people, middle-aged adults and older people.
